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Background: In Alzheimer’s disease (AD) drawing and constructional abilities are impaired and worsen
as the disease progresses.
Purpose: To examine the feasibility of and develop a method for screening, diagnosis, and staging of
dementia that can be quickly administered and interpreted in the clinical setting.
Methods: The study aims to describe a scoring mechanism of the intersecting pentagon copying (IPC)
task based on the degree of drawing failure and pitted against the Mini-Mental State Examination
(MMSE) and the clock drawing test (CDT), which is probably its most likely competitor for a small
measure. This is a prospective cohort study of 91 probable dementia patients of the Alzheimer type
referred to the geriatrician over a period of 3 years where the suitability of prescribing acetyl cholin-
esterase inhibitor is investigated. The patients were categorized as follows: 18 (20%) normal, 31 (34%)
mild dementia, and 42 (46%) moderate dementia. The copying of the pentagonwas part of the MMSE and
these drawings were further scrutinized and a 10-point scoring method developed. Each IPC and CDT
was blindly and independently rated by two geriatricians.
Results: The MMSE and Clinical Dementia Rating were found to have very similar staging results. The IPC
had some commonality with these measures for patients deﬁned as normal in that most score 10/10 for
the IPC. However, both mild and moderate dementia patients according to other measures have an
overlapping range of scores on the IPC scoring method developed. The highest association for the IPC
with the CDT was 0.68. IPC had a stronger correlation with the total MMSE than with the two shorter
versions.
Conclusion: The IPC seems to operate more as a screening tool rather than a dementia staging instrument
and assists in identifying normal patients.
Copyright  2014, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
LLC. Open access under CC BY-NC-ND license.1. Introduction
In Alzheimer’s disease (AD) drawing and constructional abilities
worsen as the disease progresses. Förstl et al1 found a correlation
betweenwidespread brain changes and several neuropsychological
deﬁcits in severe AD, one of them being drawing disability.
Compared to the controls, spontaneous drawings of patients with
AD exhibited fewer angles, impaired perspective and spatial re-
lations, simpliﬁcation, and overall impairment. These are relatedth Rocks NSW 2151, Australia.
tnam).
linical Gerontology & Geriatrics. Pthese to perceptual and executive dysfunction in the visuospatial
domain.2
Patients with AD in particular have difﬁculty in visuospatial
function tests. Visuospatial function is impaired in dementia more
so later in the disease.3 Both the intersecting pentagon copying
(IPC) test and the clock drawing test (CDT) embrace visuospatial
constructional skills and executive function. In patients with AD,
IPC is inﬂuenced by multiple cognitive functions as measured by
Folstein’s Mini-Mental State Examination (MMSE).4 According to
Ala et al5 patients with mild and moderate dementia with MMSE
scores > 13, IPC is more impaired in dementia with Lewy bodies
than in AD.ublished by Elsevier Taiwan LLC. Open access under CC BY-NC-ND license.
 
Fig. 1. Intersecting pentagon scoring system.
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vation or low education. Design emphasizing copying an inter-
secting double pentagon ﬁgures is one item in the MMSE test and
given a maximum of “one” point. Assessment of visuospatial and
executive functions is limited in MMSE and these functions may
alter in some dementias in the early stages of the disease and
become more pronounced than language and memory.6
The result of the CDT ﬁndings is abnormal in Alzheimer’s disease
even in the early phase but can be impaired by perceptual to praxis
difﬁculties.7 Brodaty and Moore8 have shown that the CDT can be
better than the MMSE in the memory clinic. Singly these in-
struments have their difﬁculties. However, it will be useful to
devise a set of short and precise tests that can be used in screening
of dementia in the primary care setting and in the community.
2. Methods
This is a physician’s ofﬁce-based retrospective study of 91 pa-
tients referred over a period of 3 years for the purpose of deter-
mining their suitability for an acetyl cholinesterase inhibitor.
2.1. Diagnosis
The diagnosis of dementia was established on clinical grounds
using a modiﬁed form of the Cambridge Examination for Mental
Disorders of the Elderly (CAMDEX).9 For the cognitive part of the
examination Folstein’s MMSE4 was administered and supple-
mented by such items as the ability to abstract and calculate, and
for perceptual abilities. Interviews with relatives or caregivers
included such information as orientation, memory, behavior, and
the ability to manage every day activities.
The inclusion criteria for the study were the satisfaction of the
DSM-IV-R speciﬁcations for the diagnosis of dementia. This broadly
included impairment of memory, deterioration of personality or
intellectual ability and impaired functional capacity. The diagnosis
of probable dementia of the Alzheimer type was based on the
history, clinical presentation, and evidence of progressive intel-
lectual deterioration and exclusion of other causes of dementia.
2.2. Data collection
In the MMSE, a number of cut off points have been put forward
for dementia, however the international cut off point is considered
to be 24. We have staged the MMSE scores as follows: 30e25 as
normal; 24e21 as mild; 20e10 as moderate; and 9 or less as severe
dementia. Subscores within the MMSE involving items relating to
attention, registration, and memory recall (n ¼ 11) and those
relating to language (n¼ 8) were cumulated respectively. Dementia
was graded on the Clinical Dementia Rating (CDR) scale of Hughes
et al10 into three stages: 1, mild; 2, moderate; 3, severe; 0, no de-
mentia; and 0.5, questionable (0 and 0.5 were taken as normal).
For the CDT, each patient was given a sheet on which a 10 cm
circle was drawn and was told that the circle represents the face of
the clock and instructed to write the numbers on it to make it look
like a clock, and thereafter to indicate the time 10 minutes past 11
o’clock. There are numerous validated scoring systems with CDT
but several studies have shown that recording methods by Sun-
derland et al11 and Shulman12 are more valid and reliable. Three
scoring methods11e13 were used to analyze the CDT performance in
this study.
IPC was part of the MMSE. A retrospective analysis of the
drawings by the 91 patients was conducted and 10 portrayals
identiﬁed. It was possible to assign a score of 1e10 for each
portrayal. Score 10: normal e all sides were equal, all the angles of
the ﬁgures were present, and the two ﬁgures intersected. A score of“1” was givenwhen there was no reasonable attempt at drawing or
the drawing was just a squiggle or scrawl. The interval scores were
judged on the level of performance. Score 9: one or two sides are of
different length; Score 8 same as Score 9 but no intersection; Score
7: loss of one or more angles; Score 6: one pentagon incomplete;
Score 5: reduced number of sides; Score 4: loss of sides and angles;
Score 3: grossly incomplete sides; Score 2: not interpretable; the
score for each portrayal is shown in Fig. 1. Rotation of the ﬁgures or
tremor was overlooked according to the original criteria.9
2.3. Statistical analysis
Descriptive preliminary analyses were scores for all in-
struments. Chi-square tests were used to investigate whether the
sex distribution by dementia staging was signiﬁcantly different
than what could be expected by chance. Chi-square test was also
part of the KruskaleWallis test, which assessed the difference be-
tween mean rankings on each variable for the dependent level
factors, which in this study was stages of dementia. The Manne
Whitney U test was used to assess each relevant pair comparison
for when the KruskaleWallis test was signiﬁcant. Pearson’s
moment correlation coefﬁcient was used to assess the linear as-
sociation between the dementia diagnostic measures for the whole
sample and Spearman’s Rho when examining the correlation be-
tween two ordinal variables. It was appropriate to use a parametric
based test for the correlations as they were conducted on the entire
sample of 91. However, when analyzing the results by dementia
staging, the smaller number of cases required a nonparametric
approach. IBM SPSS Statistics forWindows, Version 19.0 (IBM Corp.,
Armonk, NY, USA) was used for all analyses.
3. Results
A scoring method based on the degree of drawing failure has
been described. Table 1 presents the results of dementia staging
classiﬁcation using both the CDR and MMSE scores. No patients in
this study had severe dementia according to either scale. As shown
Table 1
Cross-classiﬁcation of dementia rating by the Clinical Dementia Rating (CDR) scale
and Mini-Mental State Examination (MMSE).
CDR MMSE classiﬁcationa Total
Normal Mild Moderate
0.5 Normal 18 (20) 0 0 18 (20)
1.0 Mild 0 29 (32) 9 (10) 38 (42)
2.0 Moderate 0 2 (2) 33 (36) 35 (39)
Total 18 (20%) 31 (34) 42 (46) 91 (100)
Data are presented as n (%).
a Categories assigned from MMSE scores: Normal 30e25; Mild 24e21; Moderate
20e10.
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with most of the disagreement being the nine patients classiﬁed
according to CDR as having mild dementia being classiﬁed as
moderate dementia according to the MMSE; six of these patients
had a borderline MMSE score of 20 with one patient each scoring
17, 18, and 19. The two patients classiﬁed as mild according to
MMSE but moderate according to CDR had a borderline MMSE
score of 21. The correlation between these two measures of de-
mentia staging was 0.872 according to Spearman’s rho, signiﬁcant
(p < 0.001) for a two-tailed test.
Using the MMSE to deﬁne dementia severity resulted in the
sample of 91 patients being classiﬁed as follows: 18 (20%) normal,
31 (34%) mild dementia, and 42 (46%) moderate dementia. The
sample included eight females and 43 males with a
mean  standard deviation age of 78.7  7.5 years. Although the
proportion of males was higher in the mild dementia group, this
was not signiﬁcant with c2¼ 0.36 with two degrees of freedom and
p ¼ 0.835. Although the average age was lower for the normal
group, there was no observable difference between the average age
for mild and moderate dementia. This pattern was veriﬁed by a
signiﬁcant KruskalleWallis test with c2 ¼ 12.42, two degrees of
freedom and p ¼ 0.002 and a nonsigniﬁcant ManneWhitney U test
between mild and moderate dementia and signiﬁcant paired
comparison for normal patients compared to mild and to moderate
patients; p ¼ 0.639, p ¼ 0.001, and p ¼ 0.002, respectively.Table 2
Distribution of scores by dementia severity deﬁned by MMSE.
Variable Normal Mild
(n ¼ 18) (n ¼ 31)
MMSE Mean  SD 28.2  1.9 22.9  1.1
Median 28.0 23.0
Range 25e30 21e24
MMSE_scm Mean  SD 10.0  1.4 8.1  1.2
Median 10.5 8.0
Range 6e11 6e10
MMSE_scl Mean  SD 7.9  0.2 7.6  0.6
Median 8.0 8.0
Range 7e8 6e8
IPC Mean  SD 9.8  0.4 6.0  3.1
Median 10.0 5.0
Range 9e10 1e10
CDT_1 Mean  SD 9.3  1.9 5.7  2.6
Median 10.0 6.0
Range 3e10 1e10
CDT_2 Mean  SD 8.8  2.4 5.8  3.1
Median 10.0 7.0
Range 3e10 1e10
CDT_3 Mean  SD 1.4  0.9 2.4  1.4
Median 1.0 2.0
Range 1e4 1e5
All tests signiﬁcant at p  0.001.
CDT ¼ clock drawing test; IPC ¼ intersecting pentagon copying; MMSE ¼Mini-Mental St
MMSE_scm ¼ Mini-Mental State Examination subscoredmemory (registration, attentioTable 2 presents the descriptive statistics of all clinical measures
used for the three dementia classiﬁcations deﬁned byMMSE. Given
the high correspondence between MMSE and CDR, the results in
Table 2 are only provided for the MMSE classiﬁcation. The two
subscores of the MMSE, the IPC and CDT-111 and CDT-212 are
highest for normal patients and decrease with the dementia. The
inverse pattern is evident in that the lowest scores are for normal
patients and the highest scores are for moderate dementia patients.
The KruskalleWallis c2 test result presented in Table 2 for each
measure was signiﬁcant (p < 0.001). The ManneWhitney U test
was then conducted on each measure for the paired comparisons
between normal, mild, and moderate dementia patients according
to MMSE. The ManneWhitney U test was signiﬁcant (p < 0.01) for
all comparisons for the measures in Table 2 between normal pa-
tients and those with mild dementia and for normal patients and
those with moderate dementia. The comparison between those
with mild or moderate dementia was also signiﬁcant (p < 0.01) for
every measure except the IPC.
Although the ManneWhitney U test found that the IPC mean
rank differed between mild (42.3) and moderate (33.1) dementia
patients, the sum of ranks was almost identical for the two groups
(1311.5, 1389.5) and hence the difference was not signiﬁcant
(p> 0.06) for this comparison. Mean values for the IPC for the three
classiﬁcations (Table 2) are 9.8 normal, 6.0 mild dementia, and 4.7
moderate dementia.
These patterns are further reﬂected in Table 3, which shows the
intercorrelations between the eight measures of dementia, CDR
and CDT-313 have negative correlations with the other six measures
due to the inverse scoring relationship shown in Table 4. All other
correlations are positive because the scoring is in the same direc-
tion i.e. higher scores are indicative of normality. Correlations
above 0.8 or less than 0.8 are highlighted in Table 2 and are
indicative of very similar construct measurements. For the patients
in this study, the correlation between the three CDT measures
produced almost identical results. The correlation between the
MMSE total score and the CDR is also very high at 0.86, reﬂecting
the large degree of overlap previously shown in Table 1. A receiver
operating characteristic curve analysis with a prediction of normalModerate Total KruskaleWallis c2
(n ¼ 42) (n ¼ 91)
16.9  2.8 21.2  4.9
17.0 21.0
11e20 11e30
6.0  1.9 7.5  2.2 45.25
6.0 8.0
3e10 3e11
6.5  1.2 7.1  1.1 33.73
7.0 7.0
4e8 4e8
4.7  2.7 6.1  3.2 36.77
5.0 6.0
1e10 1e10
3.1  2.2 5.2  3.3 45.87
2.0 6.0
1e9 1e10
3.2  2.6 5.2  3.5 38.20
2.0 5.0
1e8 1e10
3.7  1.2 2.8  1.5 35.70
4.0 3.0
1e5 1e5
ate Examination; MMSE_scl ¼Mini-Mental State Examination subscoredlanguage;
n, and recall); SD ¼ standard deviation.
Table 3
Correlation between different measures of dementia.a
MMSE test score MMSE memory
subtotal
MMSE language
subtotal
Clinical Dementia
Rating
Intersecting pentagon
copying
CDT-1 CDT-2
MMSE memory subtotal 0.82
MMSE language subtotal 0.64 0.44
Clinical Dementia Rating 0.86 0.69 0.57
Intersecting pentagon copying 0.62 0.51 0.45 0.60
CDT-1 0.72 0.61 0.52 0.66 0.68
CDT-2 0.65 0.54 0.43 0.61 0.63 0.91
CDT-3 0.65 0.53 0.50 0.63 0.63 0.91 0.86
CDT ¼ clock drawing test; MMSE ¼ Mini-Mental State Examination.
a All correlations are signiﬁcant (p < 0.01) for a two-tailed test.
Table 4
Age and sex characteristics by dementia severity deﬁned by Mini-Mental State
Examination.
Normal Mild Moderate Total
(n ¼ 18) (n ¼ 31) (n ¼ 42) (n ¼ 91)
Female 10 (56) 15 (48) 23 (55) 48 (53)
Male 8 (44) 16 (52) 19 (45) 43 (47)
Age, y 73.3  5.9 80.5  7.3 79.7  7.3 78.7  7.5
Median 73.5 81.0 79.5 79.0
Range 62e81 63e100 59e93 59e100
Data are presented as n (%) or mean  SD, unless otherwise indicated.
SD ¼ standard deviation.
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in a highly signiﬁcant (p < 0.001) area under the curve being
accounted for (0.928) with a sensitivity of 0.83 and a speciﬁcity of
0.082 for IPC scores < 10 (Fig. 2). The correlation, though negative,
is higher than the correlation between the MMSE and its two
subscores, i.e., 0.82 for memory and 0.64 for language. The inter-
correlation between these two MMSE subscores is only 0.44.
The remaining moderate correlations presented in Table 3 range
from 0.40 to 0.72 and indicate that each pair of measures have some
commonality but substantive unique aspects. The IPC has moderate
correlations with other measures including the MMSE and CDR,Fig. 2. Cumulative pattern for intersecting pentagon copying scores by severity of dementi
ination (MMSE).indicating it is measuring something unique about dementia. The
degree to which the IPC measures vary as a function of the CDR
rating was only r ¼ 0.6 indicating that they have 36% (r2) of
variation in common. As shown in Table 3 all patients classiﬁed as
normal according to CDR and MMSE scored 9 or 10 on the IPC.
Although the IPC scores for moderate dementia patients tended to
be higher than mild dementia patients (according to both CDR and
MMSE), they do not overlap across the IPC scores of 1e9. These
results explain why the ManneWhitney U test was not signiﬁcant
for the paired comparison of mild and moderate dementia as
deﬁned by the MMSE for the IPC. If 9 and below was used as a
screener for further testing then our results suggest that 17% of
normal patients would be tested unnecessarily. The size of the error
in the alternative direction is similar for mild dementia patients
(16%) diagnosed as normal by scoring 10 on the IPC. However, only
2% of moderate dementia patients according to MMSE and none
according would be screened as normal on our IPC data.4. Discussion
The literature reveals only scanty data on scoring methods in
pentagon copying tasks. The BendereGestalt Test (double diamond
copying task) is a different adaptation of the MMSE IPC test.
Whereas the MMSE recording score is 0/1, the BendereGestalt Testa classiﬁed by the Clinical Dementia Rating (CDR) scale and Mini-Mental State Exam-
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eral it is qualitative with emphasis on the organic/neuropsychiatric
end of the spectrum, for example, dementia.14 A relatively new
scoring method is the standard copying of the pentagon test, which
includes two pentagons overlapping into a rhombus. According to
Fountoulakis et al,14 it is reliable and valid and is suitable for use in
mental patients suffering from disorders other than dementia.
Jefferson et al15 listed eight errors used in assessing patients’ ability
to copy the intersecting pentagons. The errors listed are size of
ﬁgure, number of ﬁgures, pentagon intersection, tremor and seg-
mentation, angles, rotation, motor perseveration, and pull to
stimulus.
It should be noted that the generalizability of this study is
necessarily limited by the small number of cases. Another possible
limitation in the current study is that we overlooked rotational
effects in accordance with the original criteria. Della Sala et al16
drew attention to rotational errors in the IPC task and considered
them to be abnormal: patients with orientation agnosia, although
able to recognize objects, have selective visuospatial impairment in
that they are unable to appreciate object rotation. It is recom-
mended that further applications and reﬁnement of our IPC scoring
system take rotational effects into account. A further limitation of
our study is the small sample size and the fact that the sample was
convenience based from a single clinician’s ofﬁce collated over 3
years.
Furthermore another purpose was to determine whether the
ability to perform in the IPC varied with the severity of the de-
mentia (as deﬁned by CDR and MMSE) and to correlate the ﬁndings
with CDT as a tool for dementia screening. Although IPC is an
acceptable and simple test of visuospatial function it is reported
that one-third of the community-dwelling people without de-
mentia (CDR-0) performed poorly on the test.17 This could be as
Katzman18 reported that if one does not learn to copy as a child he
or she will not be able to complete the task when required at a later
point in life. For our sample, patients classiﬁed as “normal” ac-
cording to CDR or MMSE performed extremely well on the scoring
of the IPC with more than 8 in 10 obtaining a perfect score of 10. No
patients classiﬁed as having moderate dementia according to CDR
scored 10 and only 16% of the mild dementia patients scored 10.
The CDR scale, a qualitative staging instrument, is presently the
scale with the best evidence for adequate staging.19 In a population
study of people aged 75 years, 80 years, and 85 years, screened for
dementia using a modiﬁed CDR scale, Juva et al20 found the
sensitivity of the CDR scale to be 95% and speciﬁcity 94%. In our
study, the correlation between MMSE total score and the CDR was
very high at 0.86, but the IPC had moderate correlations with
these two measures, which were in part due to the overlap in the
range of IPC scores for the mild and moderate dementia groups.
In a study of CDT for dementia of the Alzheimer type using three
scoring methods by Sunderland et al,11 Wolf-Klein et al,13 and
Shulman,12 it was found that all three scales identiﬁed mild to
moderate dementia reasonably well, with the Shulman method
performing best.7 In our study, the correlation between the three
CDT measures produced almost identical results. Brodaty and
Moore8 found the clock drawing to be superior to the MMSE: 24/28
versus 20/28 cases identiﬁed, identifying 7/8 AD patients with
MMSE scores 24. It is also closely associated with cognitive test
scores.21 Independent of the scale used, CDT has been reported as a
robust screening test when compared to MMSE or the Cambridge
Cognitive Examination (CAMCOG).22 Powlishta et al,23 however,
found that although the clock drawing test differentiated cogni-
tively normal older adults from those with mild dementia of the
Alzheimer type, it did not appear to be a useful screening instru-
ment for detecting very mild dementia. Similar ﬁndings suggest
that CDT may not be that speciﬁc or sensitive in the generalcommunity particularly in the case of mild dementia.24 The results
of our study suggest that the IPC would be superior to the CDT as a
screening device for dementia. The three versions of the CDT used
were highly correlated with each other but only moderately
correlated with other diagnostic measures included in our study,
including the IPC. Although the IPC also had moderate correlations
with other diagnostic measures it was found to have extremely
high discriminating power between normal patients and those
with dementia. The CDT does not have this discriminating power.
Only one of the 42 patients classiﬁed with moderate dementia
according to MMSE and none of the 35 patients classiﬁed with
moderate dementia according to CDR scored a perfect 10 on the IPC
in our study. Our results partially support this in that lower scores
of 1 or 2 were more common among moderate dementia patients.
In a revised version of the MMSE, the modiﬁed MMSE (3MS),25
the 0e1 binary scoring of the MMSE is replaced by the 0e10
grading based on the components that make the pentagon ﬁgure.
Helmes26 used a modiﬁed 10-point scoring of IPC in patients
diagnosed as cognitively normal, with dementia or cognitively
impaired but without dementia. He found that the dichotomous
scoring was not as effectual in identifying groups compared to the
10-point scoring system and demonstrated poor characteristics by
their criteria. Our results reinforce Helmes26 study, which revealed
the modiﬁed 10-point scoring of IPC was a simple nonverbal task
in the cognitive testing of the elderly and in our opinion it is a
useful screening tool for dementia in primary care and the
community.
Drawing impairment is relatively independent of language and
memory impairment.2 Klein et al27 reported that serial sevens and
recall of three items demonstrates a high diagnostic sensitivity but
orientation item did not in a study of 72 demented patients and 144
patients without dementia.
In conclusion the current study demonstrated that the IPC
scoring method is an improvement on the 0/1 scoring within the
MMSE and assisted with identifying normal patients. It was not as
useful distinguishing between patients with mild dementia or
moderate dementia. It is possible that the inclusion of rotation ef-
fects may improve the IPC scoring described in this study. The three
CDT scoring methods were found to be interchangeable and thus
only one need be employed.
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